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Abstract
HiPPI-6400, o High-Performance Parallel Inter-
~ face running at 6400 Mb/s (800 MB/s), is a network-
ing technology targeted for deployment in a local-area
network (Lz“lN} or system-area network (SAN). It is a
low-latency,’ high-bandwidth switch that has the added
features of providing flow control and error detection
and retransmission in hardware, thus freeing network
software frém having to implement these functions.
And due to|the very low overhead of the HiPPI-6400
physical layer and the use of separate control lines,
user data rates of HiPPI-6400 are literally 6400 Mb/s
or 6.4 Gb/s| (eight times the usable bandwidth of Giga-
bit Ethernet) wzth an achievable bit-error rate of less

than 10%.
An initial 32-port HiPPI-6400 prototype, running
an OS-bypass network protocol called ST between two
32-node SGI Origin 2000s, produced one-way latencies
,of 7 ps and sustained data rates of 3.6 Gb/s (unidirec-
tional) and 6.4 Gb/s (bidirectional). The HiPPI-6400
bandwidth i n both cases was limited by the memory ar-
chitecture of the SGI Origin 2000, not by the network.
When runn'mg an OS-based protocol such as TCP, the
unidirectional bandwidth was 2.2 Gb/s.

Keywords: HiPPI, gigabit networkmg,
hardware, OS-bypass protocol.
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1 Introduction

HiPPI-64]OO represents the next-generation high-
speed interconnect beyond the current gigabit inter-
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connect standards. Operating at 6400 Mb/s, or equiv-
alently 800 MB/s, HiPPI-6400 ensures maximum com-
patibility with Ethernet, Gigabit Ethernet, ATM, and
the original HiPPI installed base.

The original HiPPI standard, now denoted HiPPI-
800, served as a starting point for the HiPPI-6400
standard. Standardized in 1987, HiPPI-800 pioneered
the field of high-speed parallel communication. Op-
erating at 800 Mb/s (100 MB/s), its bandwidth far
surpassed what was available back in the late 80s
and early 90s, e.g.,, 10-Mb/s Ethernet. HiPPI-800
is a circuit-switched networking technology designed
to provide high bandwidth between.communicating
hosts. In ‘addition to being the primary parallel in-
terconnect used in LANL’s' ASCI Blue Mountain su-
percomputer, a 3.1-TFLOP machine consisting of 48
SGI Origin 2000 symmetric -multiprocessors (SMPs),
HiPPI-800 is widely used in machines at supercomput-
ing centers throughout Europe and the United States.

"It has also been successfully deployed in the commer-
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cial world as well, e.g., DisneyWorld uses HiPPI-800
as its fundamental networking technology to drive its
PowerWall.

Unfortunately, due to the sharply increasing de-
mands for more bandwidth for applications such
as wide-area scientific computing and visualization;
the speeds of HiPPI-800, Gigabit Ethernet [4], and
Myrinet [1] will not be able to keep pace with to-
morrow’s bandwidth-hungry applications. For exam-
ple, the anticipated bandwidth requirements between



LANL’s 30-TFLOP supercomputer and a visualiza-
tion server are a minimum of 20 GB/s (160 Gb/s) to
a maximum of 80 GB/s (640 Gb/s). To attain this
kind of bandwidth with HiPPI-800 would require at
least 200 HiPPI-800 ports and 15,000 cables whereas
HiPPI-6400 would only require 25 HiPPI-6400 ports
and 1,800 cables. Thus, the goal of HiPPI-6400, like
HiPPI-800 ten years ago, is to address the need for
higher-speed networking technology in both local-area
networks (LANs) and system-area networks (SANs).

Rather than simply upgrading the physical-layer
speed of HiPPI from 800 Mb/s to 6400 Mb/s, we lever-
age our lessons learned from HiPPI-800 to design and
build a better parallel interconnect for HiPPI-6400.
First, HiPPI-800 requires explicit connection set-up
_ and tear-down in order to enable communication be-
tween hosts. This connection-oriented overhead at the
physical layer prevents connectionless network proto-
cols such as UDP to make efficient use of the 800 Mb/s
bandwidth. In particular, due to the additional over-
head, the response-time latency is increased, and the
effective bandwidth is decreased. Consequently, we
use wormhole routing [2] in HiPPI-6400; in wormhole
routing, messages can be sent into the network with-
out prior knowledge of whether or not a free path is
currently available to the destination host.

Second, because of the bimodal distribution of
packet sizes seen in most networks, a single, large
message can adversely block the transmission of other
messages, particularly in HiPPI-800 as it is a circuit-
* switched technology. HiPPI-6400 addresses this prob-
lem by introducing virtual channels (VCs) to provide a
multiplexing mechanism that can be used to minimize
blocking. Multiplexing over VCs also provides the ad-
ditional benefit of higher network resource utilization.
In HiPPI-800, because links cannot be time-shared,
physical links experience lower utilization.

Lastly, sustained network reliability over a machine
as large as ASCI Blue Mountain is a severe prob-
lem (due simply to the sheer volume of components).
As a result, reliable transmission over HiPPI-800 is
ensured by an overlying network software protocol
such as TCP. Unfortunately, network tests have shown
that the network protocol stack is already the bottle-
neck in delivering application-to-application commu-
nication. Incorporating reliability into the network
protocol stack further constricts the delivered band-
" width to an application. Therefore, for HiPPI-6400,
we push the function of reliability down from the pro-
tocol stack into the network interface card (NIC). This
radical design change benefits both OS-based proto-
cols such as TCP as well as OS-bypass protocols such
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as AM (3], FM [7], PM [9], and ST [6, 8. Rather
than having the software deal with network retrans-
mission, i.e., CPU executing network protocel soft-
ware, the NIC would provide this support, freeing the
CPU to do other useful work.

2 Related Work

At the present time, the closest competitors to
HiPPI-6400 (6.4 Gb/s) are Gigabit Ethernet (1 Gb/s)
and Myrinet (1.2 Gb/s). Generally, Gigabit Ether-
net [4] is used in a LAN environment whereas Myrinet
is used in a SAN environment, e.g., PC cluster. The
biggest obstacle for Gigabit Ethernet is application-
realizable bandwidth. Although the underlying phys-
ical technology is 1 Gb/s, the small maximum trans-
mission unit (MTU) size of 1500 bytes generally causes
the operating system to be interrupted more fre-
quently (assuming that an OS-based network protocol
such as TCP is being run) than with other technolo-
gies, thus reducing the realizable application band-
width to approximately 100 Mb/s. As a result, there
has been a push for supporting “jumbo datagrams”
where the MTU size is on the order of 9000 bytes;
this would effectively increase the realizable applica-
tion bandwidth to 600 Mb/s. However, the disadvan-
tage with “jumbo datagrams” is that they can pro-
mote blocking in the network.

Myrinet [1] is a self-initializing, low-latency switch
that uses cut-through routing rather than the conven-
tional store-and-forward routing found on the Inter-
net. In cut-through routing, a packet is advanced into
the required outgoing channel as soon as the header
is received and decoded. The disadvantage of this
routing is that it can promote blocking, particularly
with large messages, and thus traffic can be backed up
through the Myrinet switch back to the source (much
like HiPPI-800). However, one of the main advan-
tages of Myrinet is the existence of a control proces-
sor on the network interface card (NIC) which allows
the functionality of the NIC to be programmed and
can allow some network software functionality to be
pushed down into the NIC. Thus, the issue of block-
ing can be addressed by ensuring that the MTU size
is not “too large.”

3 HiPPI-6400 Technology

The HiPPI-6400 standards effort, spearheaded
by Silicon Graphics, Inc. and Los Alamos Na-
tional Laboratory, originally consisted of four ma-
jor parts: HiPPI-6400 Physical Layer (HiPPI-6400-
PH), HiPPI-6400 Physical Switch Control (HiPPI-
6400-SC), HiPPI-6400 Optical (HiPPI-6400-OPT),
and HiPPI-6400-Scheduled Transfer (HiPPI-6400-



ST). Since then, the last part has been split off as
a separate standard. For more detailed information,
see http:// W'|Ww.hippi.org.

A HiPPI-6400 switch allows up to three different
types of entities to be connected to it, as shown in
Figure 1. An entity can be a computing node, a
translator, (i.e., a bridge between HiPPI-6400 and
another networking technology), or another HiPPI-
6400 switch. | (While the figure shows the switch with
four bidirectional ports, industry will be delivering
switches with 32 ports.) The physical links between
the switch and a given entity are bidirectional and ca-
pable of delivering 6400 Mb/s user data bandwidth in
each direction simultaneously. A link’s control infor-
mation is carried on separate wires in parallel with the
user’s data (not shown in the figure) and is thus not
counted in the 6400-Mb/s bandwidth number.
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3.1 Micropackets

A micropalcket is the basic transfer unit on a phys-
ical link, conéisting of thirty-two data bytes and eight
control bytes 1(32 bytes was chosen since it is a power of
2 and fits page boundaries much better. Its function is
analogous tola cell in ATM — to deliver low latency
for short messages and to serve as a building block
for large mesisages. The format of the control bytes in
the micropac]fet is described in Table 1. Table 2 shows
that the contents of the corresponding thirty-two data
bytes depend' in part on what the micropacket type is,
i.e., the first four bits (bits 0-3) of the control bytes.

Figure 2 shows that the 24-byte HiPPI-6400 header
consists of two headers — the media access control
(MAC) hea,dezr and the IEEE 802.2 LLC/SNAP header
— and ten f!ields. The MAC header is identical to
the IEEE 802.3 header except that the length field

(M.len) is 32 bits rather than 16 bits as in IEEE 802.3.
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| Control Information (8 bytes)

Bit # Function
0-3 | Micropacket type
4-5 Virtual channel selector
6-13 Transmit sequence number
14-21 | Receive sequence number (ACK)
22 Tail bit (end of message)
23 Error (unrecoverable upstream error)
24-29 | Credit update value
30-31 | Virtual channel # for credit update
32-47 | End-to-end CRC
48-63 | Link-level CRC
Table 1: Contents of the Control Bytes in a Mi-

cropacket.

The reason for this difference is due to our need for
HiPPI-6400 to handle larger messages. The D_ULA
and S_ULA fields represent the 48-bit IEEE Univer-
sal LAN addresses for the source and the destination.
The IEEE 802.2 LLC/SNAP header carries the Eth-
ernetType, which selects the upper-layer protocol.

- D_ULA
MAC header ) | s.uLa
(Isb)
M_len
IEEE 802.2 DSAP SSAP cl | org
LLC/SNAP header Org Org EtherType

Figure 2: HiPPI-6400 Header

3.2 Virtual Channels (VCs) and Routing

HiPPI-6400 provides for four virtual channels
(VCs) in each direction on each physical link. VCs are
assigned based on specific message sizes (VC0 < 2 KB,
VC1 <128 KB, VC2 < 128 KB, and VC3 < 4 GB) and
transfer methods. (The number of VCs is deliberately
limited to four as opposed to the almost limitless num-
ber in ATM because the buffering for the HiPPI-6400
switch needs to be on-chip for performance reasons.)
Each message is made up of a number of micropack-
ets which are transmitted and delivered in-order over
a single VC. The VC number does not change as the
message travels from the originating source to the final
destination over one or more links.

In contrast to the virtual connections of ATM and
the end-to-end connections used in HiPPI-800, HiPPI-
6400 switches use wormhole routing. In wormhole
routing, a message can be sent into the network with-
out prior knowledge of whether or not a free path



Micropacket Type

Data Transmit . Receive Credit

(Bits 0-3) Bytes Sequence # | Sequence # | Update
Header 24-byte header, 8-byte user data Yes Yes Yes
Data, -32-bytes of user data Yes Yes Yes
Administration Administrative message Yes Yes Yes
Credit-only 32 bytes of 0s Yes Yes Yes

Null 32 bytes of 0s Invalid Yes Invalid

Reset or Initialize | 32 bytes of Os Invalid Invalid Invalid

Table 2: Capabilities for each Micropacket Type

is available to the destination host. Thus, time-
consuming circuit set-up and tear-down are not re-
quired, and the switches do not need to maintain large
amounts of state information. On the other hand, if
there is contention for the output port of a switch on
the same VC, the latter arriving message is blocked
until the earlier arriving message has completed trans-
mission. To prevent a large message from blocking a-
small message, the messages are transmitted over dif-
ferent VCs. This is in contrast to HiPPI-800 where
a large message may block any number of messages
queued for the same output port.
3.3 Flow Control

HiPPI-6400 provides for link-level, hop-by-hop,
credit-based flow control (a la X.25 but without being
connection-oriented) to prevent overrunning buffers
at intermediate switchés and at the destination host.
Figure 3 shows that credits are assigned on a VC ba-
sis. Thus, congestion on one VC will not stall traffic on
another VC. As in TCP, the destination grants cred-

its to match the number of free receive buffers for a -

particular VC. The source end of the link then con-
sumes credits as it moves micropackets from the VC
. buffers to the output buffer. We again stress that the
flow control is on a per-link (or per-hop) basis. Thus,
the source may be the originating source host or an
intermediate switch; likewise, the-destination may be
an intermediate switch or the destination host.

In order to achieve 6400 Mb/s, buffers had to be
on-chip and limited to 10 KB for each of the four
VCs. This buffer-size constraint limits the physical-
link length to roughly one kilometer; otherwise, speed

~degradation occurs. At 6400 Mb/s, 5 ns/m propaga-
tion delay, and 10 KB in flight, the maximum round-
trip distance is 2.5 km. However, because this number
does not include any processing overhead, the link dis-
tance was specified as a maximum of 1 km.

To ensure reliable transmission between a source
and destination, as shown in Figure 3, HiPPI-6400
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uses a go-back-N retransmission scheme. If an error is
detected in a micropacket or a micropacket fails to ar-
rive at the destination host, then that micropacket and
all the micropackets transmitted after it must be re-
transmitted. An error in a micropacket is detected by
either the link-level cyclic redundancy check (LCRC)
or the end-to-end cyclic redundancy check (ECRC);
these CRCs are checked at the destination side of a
link at the input buffer (see Figure 3).

The destination/receiver acknowledges micropack-
ets by returning the highest sequence number of con-
tiguously acceptable micropackets. Hence, if a mi-
cropacket is received in error, then the receive se-
quence number stays on the value of the last correctly
received micropacket. However, rather than rely on
duplicate ACKs to signal retransmission as in TCP,
a timeout mechanism at the sender detects that a
transmitted micropacket was not acknowledged and
retransmits all micropackets starting with the unac-
knowledged one. While a timeout mechanism may
not be appropriate for a link with a long delay, it
is preferred when the link delay is low, such as with
HiPPI-6400 at 10 ms and when adequate buffering is
available. The 8-bit sequence numbers allow up to
256 unacknowledged micropackets or nearly 10 KB,
the size of the receive buffer.

Finally, we note that retransmission is indepen-
dent of the both the VC used and the credit infor-
mation. That is, retransmission occurs between the
output buffer of the source and the input buffer of the
destination (on a link basis) while VC and credit infor-
mation pertain only to the VC buffers, as illustrated
in Figure 3.

3.4 Error Detection

HiPPI-6400 implements error detection through the
use of two distinct 16-bit cyclic redundancy checks
(CRCs): a link-level CRC (LCRC) and an end-to-end
CRC (ECRC). The ECRC polynomial (26 + z!2 +
23+ + 1) covers the data bytes of all the micropack-



Source Destination
Credits are consumed as a micropacket
moves from the VCn Buffer to the Output Buffer.
——  VCO Buffer VCO0 Buffer —
Output Input
—{ VCI Buffer \ Buffer Buffer VCI Buffer [—
— VC2 Buffer / é E VC2 Buffer —
! 1
! [ ACK(seq #) R
— = VC3 Buffer ACKs are generated independent of the VC number VC3 Buffer —=
and are sent to the Source in the reverse direction.

credit(VC, amount)

Credits are generated on a VC basis when data exits from the
VC buffer and are sent to the Source in the reverse direction.

ets in a message; this includes the header micropacket
and all of the|data micropackets up to this point in a
message. However, ECRC does not cover the control
bits. Being an end-to-end CRC, the ECRC remains
unchanged fré)rn the source host to the destination
host, e.g., thr(!)ugh switches and bridges. Of important
note is the fact that the ECRC is accumulated over an

entire messagtia. For example, as shown in Table 3, the

ECRC of the !second micropacket covers the informa-
tion from both the first and second micropacket; the
ECRC of the third micropacket covers the information
from the first} second, and third micropacket, and so

on.

The LCRC polynomial (!¢ + 22 + 2% + 1) covers
all of the data and control bits of a micropacket with
the exception! of itself, i.e., bits 48-63 of the control

information.
must be calc
some values

[t is initialized for each micropacket and
ulated from scratch for each link since
change from hop to hop, e.g., received

sequence number and credit information.

Both CRC

s are checked at the input buffer of each

HiPPI-6400 node, whether it be a switch or an end

device. The clombination of the two 16-bit CRCs pro-
vides a stronger check than a single 16-bit CRC for
link-level checking of individual micropackets. Hoff-

man [5] showed that no errors go undetected unless at

least six bits
1.86 billion b

bits in error, |

and non-cont

CRC, two sep

than a single

in a micropacket are in error, i.e., 1 in
ts. Not only must there be at least six
ut the bits must be strategically located
iguous. With respect to a single 32-bit
arate 16-bit CRCs are easier to calculate
32-bit one.
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Figure 3: Flow Control and Retransmission

3.5 Hardware Design

In HiPPI-6400, data is transmitted in parallel over
the cable (hence its name) and strobed with the clock
signal. Figure 4 shows the signal lines that enable
parallel data transfer between two end devices. This
parallel architecture allows the use of CMOS circuits
and available drivers and receivers, thus providing a
tremendous cost and time-to-market savings. (A serial
implementation of HiPPI-6400 would have required a
serial link rate of roughly 10 Gb/s, which is too costly
with optics and impossible to do with copper cable.)

3.5.1 Media Interfaces

HiPPI-6400 defines a parallel copper cable interface
for a 16-bit data system using a total of twenty-three
500-Mbaud signals in each direction (16 for data, 4
for control, 1 for framing, and 2 for clocks), as shown
in Figure 4. The cable assembly provides differential
paths for 46 signals, 23 in each direction. The charac-
teristic impedance and maximum distance of the cable
are 150 W and 40 m, respectively. While the cable
to support this speed and distance is expensive, it is
available through commercial vendors.

HiPPI-6400 also defines a local electrical interface
with the intent to drive parallel optical transceivers on
the same circuit board. The optical interface is defined
for an 8-bit rather than a 16-bit data system, using a
total of twelve 1-Gbaud signals in each direction (8 for
data, 2 for control, 1 for framing, and 1 for clock); see
the numbers in parentheses in Figure 4. Due to the
fact that the optical interface was not as far along in
design and standardization, it was split off into a sepa-



_ Packet

Contents

LCRC Coverage

ECRC Coverage

1 Header, Bytes 0-7

Header, Bytes 0-7, c00-c47

Header, Bytes 0-7

Bytes 8-39

Bytes 8-39, c00-c47

Header, Bytes 0-39

Bytes 40-71

Bytes 40-71, c00-c47

Header, Bytes 0-71

Bytes 72-103

- Bytes 72-103, c00-c47

Header, Bytes 0-103

[ IS RN

Bytes 104-135

Bytes 104-135, c00-c47

Header, Bytes 0-135

c00-c47 represent bits 00-47 of the control information in a micropacket.

Table 3: Coverage of Cyclic Redundancy Codes.

rate standards document called the High-Performance
Parallel Interface — 6400 Mb/s Optical Specification
(HiPPI-6400-OPT). At the present time, a number of
optical variants are being explored. One variant uses
850-nm laser arrays and 62.5/125-micron multimode
fiber and may use an open-fiber control system to de-
tect an open fiber and power down the lasers to avoid
potential eye damage. A second variant uses the same
lasers and fiber but decreases the power to avoid eye-
safety problems. And a third variant uses 1300-nm
lasers and either single-mode or multimode fiber.

LOCAL END REMOTE END
Source Destination
DATA 16®) - DATA
CONTROL de) CONTROL
FRAME 14 FRAME
CLOCK 1) CLOCK
CLOCK_2 10 CLOCK_2
Destination . Source
DATA 166) DATA
CONTROL 4@ CONTROL
FRAME 1 - FRAME
CLOCK o) _ CLOCK
CLOCK_2 10 CLOCK_2

Figure 4: HiPPI-6400 Signal Lines for Copper Cable
(Optical Fiber)

3.5.2 AC Coupling

To effectively drive long cables, signals should be AC-
coupled and DC-balanced. AC coupling separates
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the ground paths between the end devices and avoids
ground loops while DC balance indicates that signal is
above the switching threshold as much as it is below
the threshold. These characteristics greatly improve
jitter and signal quality over encoding schemes such
as Manchester encoding. HiPPI-6400 specifies 4B/5B
encoding which inserts extra bits into the bit stream
so as to break up long sequences of Os or 1s. Specifi-
cally, every 4 bits of actual data are encoded in a 5-bit
code (w, x, T, Y, and z in Figure 5; hence the name
4B/5B.

Source Destination

4-bit code
Previous d ¢ b a

disparity
[ B ff]
Comp ?

R
Ziy|Tlx|w

4-bit code

serial signal line
ziy|T|x{w

Figure 5: 4B/5B Encoder/Decoder

Figure 5 shows a simplified schematic of a 4B/5B
encoder/decoder. For each signal line (only one such
line is shown in the figure), a running count called
the Disparity Count is kept of all the ones and zeros
transmitted on that line since the link was reset. The
Disparity Count is incremented for each “1” transmit-
ted and decremented for each “0” transmitted. The
actual 5-bit code which is transmitted depends on the
current value of the Disparity Count and the input
data 4-bit code (a, b, ¢, and d). For example, if the
Disparity Count is positive (i.e., more “1”s than “0”s)
and the incoming 4-bit data stream also has more “1”s
than “0”s, then the incoming 4-bit code is comple-
mented in order to generate more “0”s, and the “T”
bit is set to 0. At the receiving end, the incoming bits
pass straight through if T = 1 or are complemented if
T=0. :



3.56.3 Des

The CLOCK signal strobes the other HiPPI-6400 sig-
nals. Because it is carried on a separate line, it negates
the need for, clock recovery circuits on every data line.
HiPPI-6400/allows up to 10 ns of differential skew be-
tween the signal lines at the receiver, and the deskew
circuits dyn’amically adjust every 10 ms in a process
called “training.” Because the deskew adjustment
takes one micropacket time (40 ns) every 10 ms, only
0.04is incurx’*ed as overhead.

Figure 6 shows a block diagram of the deskew cir-
cuit on one signal line; there are 20 of these circuits per
interface chip. Each received signal drives a tapped

kewing

delay line, and the output is selected from one of the

taps.

Tapped Delay Line

Train = Detect signal edge and latch tap A .
Normal = Drive output from selected tap

Input —

Strobe —— > Qutput

Figure 6: Deskew Circuit

3.5.4 An

In late 1998) SGI demonstrated an initial prototype of
the HiPPI-6400-PH standard called the Super-HiPPI
Media Access Control (SuMAC) chip. SGI is produc-
ing this SuMAC chip for use in the 3.1-TFLOP ASCI
Blue Moun;cam supercomputer and other machines

which curre!ntly use HiPPI-800 interconnect technol-

Initial Prototype

ogy. It demonstrates latencies of 90 ns in one direc- -

tion and 129 ns in the other for a total end-to-end la-
tency of 210 ns. Because the switch path between two
hosts would{most likely contain two SuMAC chips, one
for input and one for output, the end-to-end latency
would rouglllly be 540 ns. At 40 ns/micropacket and a

cable delay of 1.5 ns/m, this translates to a worst-case

latency of about 10 ms. Typical latenmes would be on
the order of 1 ms.

Our initial testing of the prototype SuMAC also
demonstrated nearly line-rate bandwidth speeds. Qur
benchmark |tests show that the SuMAC chip can
achieve raw| bandwidths of at least 6.08 Gb/s in each
direction. Unfortunately, we were unable to test be-
yond this bandwidth due to limitations in our test
equipment, mot because of limitations in the SUMAC
chip. . :

The initial prototype, however, was not without its
share of prcblems For example, initial testing of the

SuMAC led us to believe that cable distances might
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need to be limited to less than 30 meters due to in-
explicable bit errors. Subsequent examination of the
cables showed that the equalization circuits, which are
built into the back shell of long cables, were installed
on the wrong end. Current versions of the SuMAC are
now free of known bugs.

Along with the SUMAC, SGI has also developed
another prototype chip, the SHAC (Super HiPPI Ac-
cess Controller) which contains speed enhancements
for TCP/IP and a new protocol OS-bypass protocol
called Scheduled Transfer (ST). This new chip per-
forms IP checksums, and for ST, performs a number of
low-level messaging operations such as clear-to-send,
enhancing the HiPPI-6400 network performance.

We initially benchmarked SGI’s HiPPI-6400 imple-
mentation on two 32-node SGI Origin 2000s with al-
pha ST drivers. The network interface cards (NICs)
contained both SUMAC and SHAC 2.0 chips and were
installed on the Origin XIO bus. An Essential 32-port
HiPPI-6400 switch connected the machines together,
so all of our benchmark measurements included the
switch-induced delays. The combination of the two
chips exhibited latencies of 7 ps and sustained data
rates of 3.6 Gb/s for a single direction. Running
in both directions simultaneously with ST produced
sustained bandwidths of 6.4 Gb/s. The HiPPI-6400
bandwidth numbers in both cases was limited by the
memory architecture of the Origin 2000, not by the
network. When running TCP/IP over HiPPI-6400,
our tests produced a umdlrecmonal bandwidth of 2.2
Gb/s.

4 The Transition from HiPPI-800 to
HiPPI-6400

Because mass production and deployment of
HiPPI-6400 is not expected for at least several months,
our ASCI Blue Mountain supercomputer needs to
rely on HiPPI-800 as its high-speed parallel intercon-
nect for at least that long. Unfortunately, as men-
tioned earlier, HIPPI-800 does not ensure the reliable
transmission of information at the hardware level like
HiPPI-6400 does, therefore reliable transmission must
be implemented in the software. As a result, SGI and
LANL have installed a thin messaging layer in SGI’s
version of MPI over HiPPI-800.

While HiPPI-6400 technology is not currently be-
ing deployed widely, it is commercially available. For
instance, HiPPI-6400 is also commercially known as

‘and available as Gigabyte System Network (GSN), and

HiPPI-6400 NICs containing the SuMAC and SHAC
2.0 chips are available for SGI machines. Unfortu-
nately, production-quality software for this leading-
edge hardware is not yet available.



Additional HiPPI-640 hardware dévelop’ments in-
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(PMR). The SPIRIT chip, similar in nature to SGI's
proprietary SHAC chip, will run on PCI-X based PC
implementations. Other companies such as Genroco,
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switches, bridges, and PCI-X NICs. In the meantime,
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IBM, and HP) are working to develop HiPPI-6400
NICs for their machines as part of the ASCI Path-
Forward project.

When HiPPI-6400 arrives and the ST protocol is
standardized and deployed, the software-based reli-
able messaging layer will be removed from MPI, allevi-
ating the network/application bandwidth bottleneck.
LANL is- preparing for this transition by installing
‘a network testbed to allow for testing of NICs, low-
cost switches, bridges and software as they are man-
ufactured. In the long term, LANL plans to build

HiPPI-6400 production-quality networks, leveraging .

the above technologies.

5 Conclusion

Because HiPPI-800, Gigabit Ethernet, and Myrinet
are unable to keep up with today’s and tomorrow’s
bandwidth-hungry applications, e.g., remote visual-
ization, a faster high-speed interconnect is needed.
In this paper, we presented such an interconnect
called HiPPI-6400. HiPPI-6400 represents the next-
generation interconnect beyond the current gigabit in-
terconnect standards. In addition to ensuring maxi-
mum compatibility with the Ethernet, Gigabit Ether-
net, ATM, and HiPPI-800 installed base, HiPPI-6400
also leveraged many of the “best” features of each in
its design.

Our initial benchmarks on HiPPI-6400 technology
demonstrate that we are able to exceed the delivered
bandwidth numbers of any other commercially avail-
able networking technology. At sustained data rates of
3.6 Gb/s (unidirectional) and 6.4 Gb/s (bidirectional),
HiPPI-6400 far exceeds even the maximum bandwidth
of Gigabit Ethernet and Myrinet.

As LANL changes its guard from HiPPI-800 to
HiPPI-6400 production-quality networks, LANL will
be providing a high-bandwidth gateway to applica-
tions such as remote visualization which routinely re-
quire bandwidths on the order of hundreds of giga-
bits per second. To attain these bandwidth numbers,
HiPPI-6400 will be striped as many as 25-ways. In
addition, there is ongoing work in HiPPI-6400-OPT
to develop and standardize electro-optical interfaces
for higher performance, and perhaps, to drive optical
signals directly into silicon.

.The Los Alamos National Laboratory is operated
by the University of California for the United States
Department of Energy. SGI, Inc., with Dr. Greg Ches-
son leading their efforts, has contributed the major-

~ ity of HiPPI-6400 technical innovations. The HiPPI
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standards committee has worked hard in standardiz-
ing and documenting HiPPI-6400 and the Scheduled
Transfer as an ANSI standard.
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